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件成为 Si 基光电集成领域重要的研究课题之一。由于金属/n-Ge 接触存在强烈
的费米钉扎效应，在 Si基 Ge器件中引入高的势垒高度和大的接触电阻，恶化




叠层电极应用于 SOI 基 Ge PIN 光电二极管，有效提高了二极管的性能。本论
文的主要工作内容和创新点如下： 
1、研究了金属与 S离子或者 Cl离子钝化的 n-Ge接触。研究了不同条件下 S离











触的比接触电阻率，其中 Ge掺杂浓度为 1×1019cm-3，发现采用 Al/TaN(15nm)
电极，n+-Ge 比接触电阻率由 1.2×10-3Ω·cm2降低到 2.7×10-5Ω·cm2，降低了 2
个数量级。比接触电阻率的降低主要源于 TaN薄膜降低势垒高度的作用。 
4、将 Al/TaN（600/15nm）双层金属作为 N型 Ge电极材料制备了 SOI基 Ge PIN















面二极管相比，在 1.55μm波长和-1V偏压下的 3dB响应带宽提高了 4倍，从
1.4GHz提高到 6GHz；而暗电流减小了约一个数量级，从 1.2x10-6A降低到





















  Ge material with higher carrier mobility and larger absorption coefficient than 
those of Si has attracted much attention for its possible application in Si-based  
microelectronic and photonic devices. However, strong Fermi- level pinning effect 
(FLP) often results in a high Schottky barrier height and a large contact resistance in 
metal/n-Ge contact,, which strongly affects the performance of Ge devices and 
hinders the development of Ge devices. Therefore, the research on alleviation of 
Fermi- level pinning effect, modulation of Schottky barrier height of metal/n-Ge and 
reduction of the specific contact resistivity of metal/ n+-Ge becomes one of the most 
important topics in fabricatoin of Ge devices. 
In this thesis, we investigated the mechanism of modulation of Schottky barrier 
height in the metal/n-Ge contacts. The performance of SOI-based Ge PIN 
photodetector with a Al/TaN bilayer stack metal electrode for n-Ge has been 
significantly improved by lowering the barrier height. The main works are 
summarized as follows: 
1. The properties of Al and sulfur-passivated (or chloride -passivated) n-Ge 
contacts under various experimental conditions were studied. The relatively lower 
Schottky barrier height about 0.42 in metal/n-Ge contacts was achieved by 
chloride-passivation and nature oxidation of Ge surface.  
2. We firstly demonstrated the modulation of the Schottky barrier height in 
metal/n-Ge by inserting a metallic and nanometer TaN interlayer. It is found that when 
TaN is thin (<10nm), Schottky barrier heights exponentially decreases with an 
increase in TaN thickness, regardless of capping metals. When the thickness of the 
metallic TaN in the metal/TaN/n-Ge junctions is larger than 10 nm, the Schottky 
barrier height is reduced to that of TaN/n-Ge contact. The reduction of Schottky 
barrier height of TaN/n-Ge, compared with elemental metal/n-Ge contact, can be 
attributed to nitrogen passivation of Ge surface and the formation of dipole at the 















pinning effect. The modulation of Schottky barrier height of metal/TaN/n-Ge can be 
ascribed to the interdiffusion between cap metal and TaN. 
3. With circular transmission line model structures, we fabricated the Al/n+-Ge 
and Al/TaN (15 nm)/n+-Ge contact and mearued the specific contact resistance. The 
doping of n+-Ge was1×1019cm-3. The results show that the specific contact resistivity 
of Al/TaN (15 nm)/n-Ge is reduced by two orders of magnitude, compared with 
Al/n+-Ge contact, from 1.2×10-3 Ω·cm2 to 2.7×10-5 Ω·cm2. based on CTLMs model. 
The low he specific contact resistivity of Al/TaN (15 nm) contact can be attributed to  
the lower Schottky barrier height by inserting a TaN interlayer. 
4. The SOI-based Ge PIN photodiodes are fabricated and comparatively studied 
with the Al/TaN(400/15 nm) bilayer stack metal or Al for N-type Ge contact 
electrodes. The performance of SOI-based Ge PIN photodetector with Al/TaN was 
significantly improved than that with Al. For 24 µm mesa diameters Si-based Ge 
photodidoes, the 3dB bandwidth increases by four times under -1 V bias at 1.55 µm, 
from 1.4GHz to 6GHz; the dark current decreases in one order of magnitude under 
-1V bias, from 1.2×10-6 A to 3.5×10-7 A, and the optical responsivity increases by 2.5 
times at 1.55 µm, from 0.12A/W to 0.3 A/W. These results demonstrated that 
metal/TaN stack metal can not only decreases the series resistance of photodiode via 
lowering the Schottky barrier height, but also reduces the probability of the carrier 
capture in interface between TaN and Ge through the passivation of Ge surface.  
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第一章 绪 论 
1 









性能，需要采用新的材料和开发出与 Si CMOS工艺相兼容的新工艺。 
Ge 材料是一种非常理想的候选材料。Ge 材料最早于 1886 年由 Clemens 
Winkler发现[10]。相比 Si材料，它具有很多性能优势，比如：具有更高的载流子
迁移率[11]，在近红外波段具有更高的吸收系数[12]。并且，Ge器件的工艺能够与
Si CMOS 工艺相兼容。近些年来，随着 Si基外延高质量 Ge薄膜技术的蓬勃发
展， Si基 Ge器件已经成为一个非常热门的研究方向。在众多的 Si基 Ge器件























金属与 n型 Ge接触及其在 Si基 Ge光电二极管中应用研究 
2 




Si基 Ge PIN光电二极管是 Si基 Ge器件中的另一个研究热点。虽然 Ge和
Si都是间接带半导体材料，但是 Si的最低直接跃迁能量（3.4eV）远在间接跃迁
能量（1.14eV）之上，而 Ge 的最低直接跃迁能量仅稍高于间接跃迁 0.2eV，导
致 Ge材料比 Si 材料在近红外通信波段（1300～1500nm）具有更大的吸收系数，





因此，无论是 Si基 Ge n-MOSFET或者是 Si基 Ge PIN光电二极管都需要
缓解 Ge 的费米钉扎效应来提高器件的性能。近些年来，研究人员围绕 Ge 的费
米钉扎效应的成因和解决方案开展了大量的研究。但是，Ge 费米钉扎效应的机
理还没有被完全揭开。 
本论文开展了 Al与 S离子（或 Cl离子）钝化的 n-Ge接触的势垒高度的研
究；金属性 TaN与 n-Ge接触的势垒高度以及 TaN薄膜对金属/TaN/n-Ge接触势
垒高度的调制效应及其机理的研究；将 Al/TaN 叠层金属作 Ge PIN 二极管的 N





























0 ( ) ( )Bn m CNL CNL sS χΦ = Φ − Φ + Φ −               （1-1） 
其中 BnoΦ 为金属与半导体的势垒高度，S为钉扎因子， mΦ 为金属功函数， CNLΦ



































Dimoulas 等人[14]于 2006 年对实验测量得到的金属/n-Ge 接触的势垒高度进
行线性拟合，如图 1-1 所示，得到了金属与 n-Ge 接触的费米钉扎因子（S=0.05
（+0.01））和电中性能级的数值（ CNLΦ =4.57（+0.07）eV）。钉扎因子为 0.05接
近 0，所以金属/n-Ge接触的费米钉扎效应非常强烈。 
 





图 1-2给出了 I-V和 C-V测试方法提取出的势垒高度的比较。图 1-3给出了 I-V
法提取的金属/n-Ge的势垒高度与 n-Ge晶面的关系。实验结果表明：无论采用哪













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
